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LIQUID CRYSTAL DEVICE, TEMPERATURE 
DETECTION METHOD, AND ELECTRONIC 

APPARATUS 

BACKGROUND 

0001. The entire disclosures of Japanese Patent Applica 
tion Nos. 2009-04-1923, filed Feb. 25, 2009 and 2009-273670, 
filed Dec. 1, 2009 are expressly incorporated herein by ref 
€fC?C€, 

0002 1. Technical Field 
0003. The present invention relates to a technique for 
detecting the temperature of a liquid crystal layer with greater 
accuracy. 
0004 2. Related Art 
0005. The response speed of liquid crystal in a liquid crys 

tal panel changes depending on the temperature. A delayed 
response speed results in a degradation in display quality. To 
address this problem, one method currently known in the art 
uses a temperature sensor located near the liquid crystal panel 
to detect the temperature and performs various control opera 
tions based on the detected temperature. An example of Such 
a technique is disclosed in FIG. 2 of Japanese Patent Docu 
ment JP-A-9-96796. 
0006. One problem with this configuration, however, is 
that although a temperature sensor is capable of detecting 
temperature near the liquid crystal panel, it cannot detect 
temperature in the liquid crystal layer of the liquid crystal 
panel. For this reason, temperature detected by a temperature 
sensor is Susceptible to measurement error as compared with 
actual temperature in the liquid crystallayer of a liquid crystal 
panel. This measurement error often makes it difficult to 
perform various control operations accurately. In addition, in 
order for the temperature sensor to work properly, the sensor 
needs to be provided at a position where it is not susceptible 
to effects of ambient temperature. This has become increas 
ingly difficult as user demands for a display device that is 
Small in size and has a narrow frame area has increased, 
resulting in a limited amount of space where a temperature 
sensor can be mounted. 

BRIEF SUMMARY OF THE INVENTION 

0007 An advantage of some aspects of the invention is to 
provide a technique for detecting the temperature of the liquid 
crystal layer of a liquid crystal panel with greater accuracy 
free and free from mounting restrictions. 
0008 A first aspect of the invention is a liquid crystal 
device which includes a pair of substrates that are provided 
opposite to each other with a liquid crystal layer being dis 
posed therebetween, a pair of electrodes provided for each 
intersection of a plurality of scanning lines and a plurality of 
data lines which drive the liquid crystal layer, a driving circuit 
that applies a driving Voltage to the pair of electrodes, an 
electric current detection element that detects a value corre 
sponding to an electric current that flows in the liquid crystal 
layer when the driving Voltage is applied, and a temperature 
information output circuit that outputs temperature informa 
tion of the liquid crystal layer based on the value correspond 
ing to the electric current. 
0009. The specific resistance of the liquid crystal layer 
decreases as temperature increases. According to the first 
aspect of the invention, temperature information is outputted 
utilizing this change in resistance. By this means, it is possible 
to detect the temperature of the liquid crystal layer. Since the 
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only thing required is to detect a value corresponding to an 
electric current that flows in a liquid crystal layer, a position 
where an electric current detection element can be mounted is 
less limited. 
0010. A second aspect of the invention is a liquid crystal 
device including first Substrate and a second Substrate that are 
provided opposite to each other with a liquid crystal layer 
being disposed therebetween, a first electrode and a second 
electrode provided for each intersection of a plurality of scan 
ning lines and a plurality of data lines, which drive the liquid 
crystal layer, a first Supply circuit that Supplies a first Voltage 
to the first electrode through an electric Supply line, a second 
Supply circuit that Supplies a second Voltage to the second 
electrode through the data line, where the second Voltage is 
different from the first voltage, an electric current detection 
element that includes a resistance element that is inserted on 
the electric Supply line, for detecting a value corresponding to 
an electric current that flows in the liquid crystal layer when 
the first Voltage and the second Voltage are applied, and a 
temperature information output circuit that outputs tempera 
ture information of the liquid crystal layer based on the value 
corresponding to the electric current. 
0011 Besides these two liquid crystal devices, the concept 
of the invention also encompasses a temperature detection 
method and an electronic apparatus that are provided with the 
liquid crystal devices of the first and second aspects of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The invention will be described with reference to the 
accompanying drawings, wherein like numbers reference like 
elements. 
0013 FIG. 1 is a diagram that schematically illustrates an 
example of the configuration of a liquid crystal display device 
according to a first embodiment of the invention; 
0014 FIG. 2A is a perspective view that schematically 
illustrates an example of the configuration of a liquid crystal 
panel of a liquid crystal display device according to the first 
embodiment of the invention; 
0015 FIG. 2B is a sectional view taken along the line 
IIB-IIB of FIG. 2A; 
0016 FIG. 3 is a diagram that schematically illustrates an 
example of the configuration of pixels of the liquid crystal 
display device; 
0017 FIGS. 4A-4b are graphs that show an example of a 
relationship between current and temperature in the liquid 
crystal display device; 
0018 FIG. 5 is a diagram that schematically illustrates an 
example of the display operation of the liquid crystal display 
device; 
0019 FIG. 6 is a diagram that schematically illustrates an 
example of the temperature detection operation (A) of the 
liquid crystal display device; 
0020 FIG. 7 is a diagram that schematically illustrates an 
example of the temperature detection operation (B) of the 
liquid crystal display device; 
0021 FIG. 8A is a flowchart that schematically illustrates 
an example of the temperature detection operation (B) with 
detection of a current saturation value; 
0022 FIG. 8B is a flowchart that schematically illustrates 
an example of the temperature detection operation (B) with 
detection of a second peak value; 
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0023 FIG. 8C is a flowchart that schematically illustrates 
an example of the temperature detection operation (B) with 
detection of arrival time; 
0024 FIG. 9 is a diagram that schematically illustrates an 
example of the configuration of a liquid crystal display device 
according to a second embodiment of the invention; 
0025 FIG.10 is a diagram that schematically illustrates an 
example of the temperature detection operation (C) of the 
liquid crystal display device; 
0026 FIG. 11 is a diagram that schematically illustrates an 
example of the configuration of a liquid crystal display device 
according to a third embodiment of the invention; 
0027 FIG. 12A is a graph that shows an example of a 
relationship between relative transmittance and gradation in 
the liquid crystal display device; 
0028 FIG. 12B is a graph that shows an example of a 
relationship between relative transmittance and Voltage 
applied in the liquid crystal display device; 
0029 FIG. 12C is a table that shows an example of a 
relationship between gradation and Voltage applied in the 
liquid crystal display device; and 
0030 FIG. 13 is a diagram that schematically illustrates an 
example of the configuration of a projector, which is an 
example of a apparatus to which the liquid crystal display 
device of the invention may be applied. 

DESCRIPTION OF EXEMPLARY 
EMIBODIMENTS 

First Embodiment 

0031. With reference to the accompanying drawings, 
exemplary embodiments of the present invention will now be 
explained in detail. 
0032 FIG. 1 is a diagram that schematically illustrates an 
example of the configuration of a liquid crystal display device 
according to a first embodiment of the invention. A liquid 
crystal display device 1 according to the first embodiment of 
the invention switches from one lookup table to another 
depending a detected temperature. The lookup tables are used 
for compensating for the responsiveness of liquid crystal. The 
liquid crystal display device 1 is characterized by the output 
oftemperature information. As illustrated in FIG.1, the liquid 
crystal display device 1 includes a scanning control circuit 20, 
a data processing circuit 30, an analog-to-digital (A/D) con 
version circuit 34, a temperature output circuit 35, a common 
electrode driving circuit 40, an amplification circuit 50, a 
resistance element 60, and a liquid crystal panel 100. The 
common-electrode driving circuit 40 is an example of a first 
Supply circuit according to an aspect of the invention. The 
data processing circuit 30 is an example of a second Supply 
circuit according to an aspect of the invention. A video signal 
Vd is Supplied from an upstream host circuit to the liquid 
crystal display device 1 in Synchronization with a sync signal 
Sync. The video signal Vd is digital data for specifying a 
gradation level (i.e., tone level) for each pixel of the liquid 
crystal panel 100. The video signal Vd is supplied in the 
sequential order of pixels scanned on the basis of a vertical 
Scanning signal, a horizontal scanning signal, and a dot clock 
signal (not shown), which are contained in the sync signal 
Sync. 
0033. The liquid crystal panel 100 is, for example, an 
active-matrix transmissive liquid crystal panel. Four hundred 
eighty Scanning lines 112 and six hundred forty data lines 114 
are formed in the display area of the liquid crystal panel 100. 
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Each scanning line 112 extends in the X (horizontal) direction 
as a row shown in the drawing. Each data line 114 extends in 
the Y (vertical) direction as a column shown in the drawing. 
The scanning lines 112 and the data lines 114 are electrically 
isolated from each other. A pixel 110 is formed at a position 
corresponding to each of the intersections of the scanning 
lines 112 and the data lines 114. Accordingly, in the present 
embodiment of the invention, the pixels 100 are arrayed in a 
matrix of four hundred eighty rows and six hundred forty 
columns. The areas where the pixels 110 are formed consti 
tute a display area 101. 
0034 FIG. 2A is a perspective view that schematically 
illustrates an example of the configuration of the liquid crystal 
panel 100 according to an exemplary embodiment of the 
invention. FIG. 2B is a sectional view taken along the line 
IIB-IIB of FIG. 2A. As illustrated in these drawings, the 
liquid crystal panel 100 includes a TFT array substrate 150 (a 
first substrate) and an opposite substrate 151 (a second sub 
strate). The TFT array substrate 150 and the opposite sub 
strate 151 are bonded to each other by means of a sealing 
material (i.e., sealant) 152. Pixel electrodes 118, various 
kinds of wiring, and the like are formed on the TFT array 
substrate 150. A common electrode 108 is formed on the 
opposite substrate 151. The electrode formation surface of the 
TFT array substrate 150 and the electrode formation surface 
of the opposite substrate 151 face each other. When viewed in 
planina direction which is normal to the Substrate, the sealing 
material 152 is applied in the shape of a frame along the sides 
of the opposite substrate 151. The sealing material 152 fixes 
the substrates 150 and 151 to each other with a certain gap 
being left therebetween. Liquid crystal is sealed in the gap to 
forma liquid crystallayer 105. Ascanning-line driving circuit 
130 and a data-line driving circuit 140 are provided at a 
peripheral circuit area outside the sealing material 152 over 
the TFT array substrate 150. A plurality of terminals 107 is 
formed at an edge area near the data-line driving circuit 140 
over the TFT array substrate 150. Signals and the like that 
have been outputted from the scanning control circuit 20 and 
the data processing circuit 30 are inputted into the liquid 
crystal panel 100 via the terminals 107. In the example shown 
in FIG. 2A, the scanning-line driving circuit 130 is provided 
at two opposite edge areas, more specifically, peripheral areas 
along two opposite sides each of which extends in the Y 
direction. Accordingly, the scanning lines 112 are driven from 
both sides. However, the scope of the invention is not limited 
to this configuration and other configurations may be used 
without departing from the meaning or scope of the invention. 
For example, if the delay and distortion of Scanning signals 
Supplied through the scanning lines 112 are negligible and/or 
do not matter, a scanning-line driving circuit 5 (130) may be 
provided at one edge area only. Whichever configuration is 
used, the circuit is considered to be equivalent to the single 
scanning-line driving circuit shown in FIG. 1. 
0035. The scanning control circuit 20, the data processing 
circuit 30, the A/D conversion circuit 34, the temperature 
output circuit 35, the common-electrode driving circuit 40, 
and the amplification circuit 50 may be configured as a mod 
ule and connected to the terminals 107 of the liquid crystal 
panel 100 via a flexible printed circuit (FPC). The resistance 
element 60 and an electric supply line (i.e., feeder wire) 70 
may be included in the FPC. Among the above components, 
the data processing circuit 30, the A/D conversion circuit 34, 
the temperature output circuit 35, the common-electrode 
driving circuit 40, the amplification circuit 50, and the resis 
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tance element 60 may be provided at a peripheral circuit area 
outside the sealing material 152 over the TFT array substrate 
150. 

0036 Regardless of whether the resistance element 60 is 
included in the FPC or provided at a peripheral circuit area, it 
is preferable that the resistance element 60 be provided at an 
area outside the sealing material 152 in the structure of the 
liquid crystal panel 100. Otherwise, if the resistance element 
60 is provided at an area inside the sealing material 152, the 
temperature of the liquid crystal layer 105 changes locally 
when the resistance element 60 generates heat. Accordingly, 
there is a risk that Such a local temperature change affects 
display or that irregularities formed by heat affects the orien 
tation of liquid crystal. 
0037. By placing the resistance element 60 in an area 
outside the sealing material 152, it is possible to avoid such a 
risk. In an exemplary configuration in which the resistance 
element 60 is provided at an area outside the sealing material 
152, such that the resistance element 60, which is a heating 
element, is not directly in contact with the liquid crystal layer 
105. Therefore, there is no risk of having an influence on the 
liquid crystal layer 105 and causing deterioration in display 
quality or the like. 
0038 Next, the pixel 110 will be described with reference 
to FIG.3. As illustrated in FIG.3, the pixel 110 includes a thin 
film transistor (hereinafter abbreviated as “TFT) 116 and a 
liquid crystal element 120. The TFTs 116, the scanning lines 
112, the data lines 114, and the pixel electrodes 118 are 
formed at one surface side of the TFTarray substrate 150, that 
is, the surface that faces toward the opposite electrode 151. 
The source electrode of the TFT 116 is connected to the data 
line 114. The drain electrode of the TFT 116 is connected to 
the pixel electrode 118. The gate electrode of the TFT 116 is 
connected to the scanning line 112. The liquid crystal layer 
105 is disposed between the TFT array substrate 150 and the 
opposite substrate 151 with the electrode formation surface of 
the TFT array substrate 150 and the electrode formation sur 
face of the opposite substrate 151 facing each other as previ 
ously explained. Accordingly, the liquid crystal layer 105 is 
disposed between the common electrode 108 and the pixel 
electrodes 118. These components/elements make up the liq 
uid crystal element 120. The common electrode 108 is an 
example of a first electrode according to an aspect of the 
invention. The pixel electrode 118 is an example of a second 
electrode according to an aspect of the invention. Therefore, 
the liquid crystal element 120 that includes the pixel electrode 
118, the common electrode 108, and the liquid crystal layer 
105 is formed for each pixel 110. 
0039. The pixel electrode 118 is provided for each of the 
pixels 110 whereas the common electrode 108 is, as its name 
indicates, provided as an electrode that is common to all of the 
pixels 110. The common electrode 108 faces the pixel elec 
trodes 118. The common-electrode driving circuit 40 applies 
a Voltage LCcom, which is an example of a first Voltage 
according to an aspect of the invention, to the common elec 
trode 108. The liquid crystal element 120 having the above 
configuration holds a Voltage between the common electrode 
108 and the pixel electrode 118. If the liquid crystal panel 100 
is a transmissive panel, its transmission factor depends on the 
effective value of the voltage at which the liquid crystal panel 
100 is held. 

0040. A resistance R, shown by a broken line in FIG. 3 
denotes the resistance component of the liquid crystal layer 
105 in the liquid crystal element 120. The pixel 110 includes 
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an auxiliary capacitance C. One end of the auxiliary capaci 
tance Cs is connected to the pixel electrode 118. The other end 
of the auxiliary capacitance Cs is connected in common to an 
auxiliary capacitance electrode 119. 
0041 Referring back to FIG. 1, in the liquid crystal panel 
100, the scanning-line driving circuit 130 and the data-line 
driving circuit 140 are provided at a peripheral area outside 
the display area 101. In accordance with a control signal Yctr 
Supplied from the scanning control circuit 20, the Scanning 
line driving circuit 130 supplies scanning signals G1-G480 to 
the first to four hundred eightieth Scanning lines 112, respec 
tively. In accordance with a control signal Xctr Supplied from 
the scanning control circuit 20, the data-line driving circuit 
140 supplies data signals ds to the respective pixels 110 on the 
row selected by the scanning-line driving circuit 130 through 
the first to six hundred fortieth data lines 114. The data signals 
that are supplied to the first to 640th data lines 114 are shown 
as d1-d640, respectively. 
0042. The common-electrode driving circuit 40 applies 
the voltage LCcom to the common electrode 108 through the 
electric supply line 70. The resistance element 60 is an elec 
tric current detection element that is provided somewhere on 
the electric supply line 70. The amplification circuit 50 ampli 
fies a voltage that is generated between the terminals of the 
resistance element 60 with an amplification coefficient C. 
[0043] The A/D conversion circuit 34 (shown as A/D) con 
verts the voltage outputted from the amplification circuit 50 
into a digital value at a predetermined sampling rate. The 
temperature output circuit 35 outputs information on the tem 
perature of the liquid crystal layer 105 in the liquid crystal 
panel 100 on the basis of the converted digital value. 
0044) The data processing circuit 30 compensates the 
video signal Vd in accordance with the information on the 
detected temperature and outputs a processing result as the 
data signalds. The data processing circuit 30 includes a frame 
memory 31, a lookup table 32 (shown as LUT), and a digital 
to-analog conversion circuit 33 (shown as D/A). 
0045. The frame memory 31 temporarily stores the video 
signal Vd. After the lapse of one frame, the frame memory 31 
reads out the video signal and then outputs it as a preceding 
video signal Pd. Therefore, when the video signal Vd for a 
certain pixel is Supplied in synchronization with the Sync 
signal Sync from a host circuit, the preceding video signal Pd, 
which is a video signal for this pixel for the preceding frame, 
is read out and outputted from the frame memory 31. The term 
"frame” means a period of time that is required for Supplying 
the video signal Vd for one picture of an image. For example, 
if the frequency of a vertical scanning signal included in the 
sync signal Sync is 60Hz, the frame is its inverse number, that 
is, 16.7 milliseconds. In a case where the liquid crystal panel 
100 is driven at the same speed as the supply speed of the 
Video signal Vd, the frame is equivalent to a period of time 
that is required for displaying one picture of an image on the 
liquid crystal panel 100. 
0046. The lookup table 32 is used for performing so-called 
overdrive conversion for compensating for the varying 
responsiveness of liquid crystal. In the present embodiment 
of the invention, there are three types of lookup tables, that is, 
a low temperature range lookup table, a normal midtempera 
ture range lookup table, and a high temperature range lookup 
table. A lookup table for a certain temperature range is a 
two-dimensional table that pre-stores an optimum compen 
sation video signal Vda in the temperature range for each 
combination of a gradation level specified by the video signal 
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Vd and a gradation level specified by the video signal Pd of 
the preceding frame. Accordingly, when the video signals Vd 
and Pd are inputted therein, the compensation video signal 
Vida corresponding to a combination of gradation levels 
specified by these two signals are read out of the lookup table. 
The selection of a lookup table among the three temperature 
types of tables is made as follows, depending on temperature 
information outputted from the temperature output circuit 35. 
When the value of the temperature information outputted 
from the temperature output circuit 35 is not larger than a 
threshold T1, the low temperature range lookup table is 
selected. When the value of the temperature information out 
putted from the temperature output circuit 35 is larger than the 
threshold T1 and not larger than a threshold T2, the normal 
temperature range lookup table is selected. When the value of 
the temperature information outputted from the temperature 
output circuit 35 is larger than the threshold T2, the high 
temperature range lookup table is selected. 
0047. The D/A conversion circuit 33 converts the compen 
sation video signal Vda outputted from the lookup table 322 
into an analog Voltage signal whose polarity is specified by a 
signal Frp. The D/A conversion circuit 33 outputs the signal 
Subjected to conversion as the data signal ds. Regarding the 
polarity of the data signalds, the side where a Voltage level is 
higher than the level of a video amplitude center Voltage (i.e., 
reference Voltage) Vc is taken as a positive polarity side, 
whereas the side where a voltage level is lower than the level 
of the video amplitude center Voltage Vc is taken as a negative 
polarity side. The signal Frp specifies positive polarity when 
it is in the high level H. The signal Frp specifies negative 
polarity when it is in the low level L. The signal Frp is 
Supplied from the scanning control circuit 20. For example, 
the signal Frp has a pulse waveform as illustrated in FIGS. 5 
and 6. As shown therein, its logic level inverts for each time 
period corresponding to a frame. 
0048 Next, the operation of the liquid crystal display 
device 1 according to the present embodiment of the inven 
tion is explained. With reference to FIG. 5, the display opera 
tion of the liquid crystal display device 1 will be explained. In 
FIG. 5, it is assumed that positive-polarity writing is specified 
in an n-th frame. In the next frame (n+1), it is assumed that 
negative-polarity writing is specified. Each frame includes a 
vertical effective scanning time period Fa and a vertical fly 
back time period Fb. Throughout the vertical effective scan 
ning time period Fa, the video signal Vd is Supplied from the 
host circuit sequentially to the pixels in the following order: 
the first to the 640th pixels on the first row, the first to the 
640th pixels on the second row, the first to the 640th pixels on 
the third row, etc., with the first to the 640th pixels on the 
480th row. The logic level of the signal Frp switches over at a 
predetermined point in time during the vertical flyback time 
period Fb. 
0049. In the horizontal scanning time period (H) in which 
the video signal Vd is supplied to the first to the 640th pixels 
on the first row, the scanning-line driving circuit 130, which is 
controlled by the scanning control circuit 20, sets the level of 
the scanning signal G1 at the H level. The data processing 
circuit 30 converts the video signal Vd into the data signalds 
having positive polarity in the n-th frame. The data-line driv 
ing circuit 140 samples the data signalds on the first to 640th 
data line 114 as the data signals d1-d640, respectively, as 
controlled by the scanning control circuit 20. When the level 
of the scanning signal G1 is set at the H level, the TFTs 116 on 
the first row are set in an ON state. Accordingly, the data 
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signals sampled on the data lines 114 are applied to the pixel 
electrodes 118 through the TFTs 116 set ON. Therefore, a 
positive Voltage with responsiveness compensated in accor 
dance with a gradation change is written into each of the first 
to 640th liquid crystal elements 120 on the first row. 
0050. In the horizontal scanning time period H in which 
the video signal Vidis Supplied to the pixels on the second row, 
the scanning-line driving circuit 130 sets the level of the 
scanning signal G2 at the H level. The data-line driving circuit 
140 samples the data signal ds converted from the video 
signal Vd corresponding to the pixels on the second row on 
the first to 640th data lines 114. Since the TFTs 116 on the 
second row are set in an ON State, the data signals sampled on 
the data lines 114 are applied to the pixel electrodes 118 
through the TFTs 116. Therefore, a positive voltage with 
responsiveness compensated in accordance with a gradation 
change is written into each of the first to 640th liquid crystal 
elements 120 on the second row. 
0051. The same operation is performed for the third and 
fourth rows, continuing to the 480th row. As a result, a posi 
tive Voltage with responsiveness compensated in accordance 
with a gradation change is written into each of liquid crystal 
elements on each of these rows. In this way, a transmissive 
image in the n-th frame is created. In the next (n+1)th frame, 
since the logic level of the signal Frp is inverted, the video 
signal Vd has negative polarity. Except for the difference in 
polarity, the same writing operation as that of the n-th frame 
is performed. As a result, a negative Voltage with responsive 
ness compensated in accordance with a gradation change is 
written into each liquid crystal element. In this way, a trans 
missive image in the (n+1)th frame is created. 
0052. In FIG. 5, the voltage LCcom, which is applied to 
the common electrode 108, is offset at a slightly lower level 
than the reference voltage Vc, which is the video amplitude 
center voltage. When the TFT 116 switches from ON to OFF, 
a field-through phenomenon (push-down, overrun) occurs at 
the moment of switchover to decrease the voltage at the drain 
electrode thereof and thus at the pixel electrode 118. 
0053. The offset explained above is set for this reason. 
More specifically, if the voltage LCcom coincides with the 
reference voltage Vc of an amplitude, the effective value of a 
Voltage applied to a liquid crystal element at the negative 
polarity side would be larger than that at the positive polarity 
side because of a field-through phenomenon. The Voltage 
LCcom is set at a lower level in order to offset this effect. The 
H level for the scanning signals G1 to G480 is a selection 
voltage V. The L level for the scanning signals G1 to G480 
is a non-selection voltage V. 
0054. In FIG. 5, a data signald that is supplied to the data 
line on the j-th column (where j is an integer that satisfies the 
mathematical formula of 1ss640) is also shown. If it is 
assumed that the liquid crystal element 120 according to the 
present embodiment of the invention is driven in a “normally 
white' mode, the level of the data signal di changes at the 
positive polarity side within a range from a low Voltage 
Vw(+), which is a white level, to a high voltage Vb(+), which 
is a black level. In addition, in the normally white mode, the 
level of the data signald changes at the negative polarity side 
in a mirrored range that is symmetric to the positive Voltage 
range with respect to the reference voltage Vc. That is, the 
data signal difluctuates at the negative polarity side within a 
range from a high Voltage V w(-), which is a white level, to a 
low voltage Vb(-), which is a black level. The level of the data 
signal d is set at the voltage Vb(+), Vb(-) throughout the 
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vertical flyback time period Fb for black-level display. This is 
because, for example, data written therein due to a timing 
shift or other reason should not contribute to display. 
0055. Next, with reference to FIG. 6, the temperature 
detection operation of the liquid crystal display device 1 will 
be explained. The temperature detection operation is per 
formed when, for example, the host circuit issues an instruc 
tion for carrying out the operation to the Scanning control 
circuit 20. Or, the temperature detection operation is per 
formed when a spontaneous instruction is generated at and by 
the scanning control circuit 20. An example of cases where 
the host circuit issues an instruction for carrying out the 
temperature detection operation to the scanning control cir 
cuit 20 is the issuance of an instruction to Switch display to a 
different menu screen when hierarchical menu screens are 
displayed. Examples of cases where a spontaneous instruc 
tion is generated at and by the Scanning control circuit 20 are 
initial operation immediately after power activation, regular 
operation at a fixed cycle (e.g., 30 minutes), or the like. In the 
following description, three types of temperature detection 
operation are explained. To distinguish one illustrated in FIG. 
6 from the others, it is hereinafter referred to as “temperature 
detection operation (A). 
0056. When the temperature detection operation (A) is 
performed, the scanning control circuit 20 controls the scan 
ning-line driving circuit 130 in such a way as to set the level 
of all of the scanning signals G1 to G480 at the H level. As a 
result, all TFTs 116 that are arranged in the display area 101 
are set ON. On the other hand, the scanning control circuit 20 
controls the data-line driving circuit 140 in Such a way as to 
switch the level of the data signals d1 to d640 between the 
positive voltage Vb(+) corresponding to the black level and 
the negative voltage Vb(-) corresponding to the black level 
irrespective of the data signals ds. Attention is focused herein 
on the time period throughout which the level of the data 
signals d1 to d640 is set at the voltage Vb(+). In this time 
period, the voltage Vb(+) is applied to the pixel electrodes 118 
in all of the liquid crystal elements 120. On the other hand, the 
voltage LCcom is applied to the common electrode 108. 
0057. Note that it is not necessary take the effects of a 
field-through phenomenon, off-leak, and the like into consid 
eration in the temperature detection operation (A) because the 
level of all of the scanning signals G1 to G480 is set at the H 
level therein. For this reason, the voltage level of the common 
electrode 108 may be set at the same level as the reference 
Voltage Vc, which is the video amplitude center Voltage. 
0058 As explained above, at the liquid crystal element 
120, the voltage LCcom (or the voltage Vc) is applied to the 
common electrode 108 whereas the voltage Vb(+), which is 
relatively high, is applied to the pixel electrode 118. There 
fore, an electric current flows in a direction from the pixel 
electrode 118 toward the common electrode 108 through the 
resistance component R., of the liquid crystal layer 105. 
Therefore, a voltage is generated between the terminals of the 
resistance element 60 that is provided on the electric supply 
line 70 through which the voltage LCcom is supplied. The 
Voltage that is generated therebetween has a value that is 
equal to the product of the sum of the values of an electric 
current that flows in the liquid crystal layer 105 of all of the 
liquid crystal elements 120 and a value of resistance R of the 
resistance element 60. The amplification circuit 50 amplifies 
the Voltage generated between the terminals of the resistance 
element 60 with the amplification coefficient C. Thereafter, 
the A/D conversion circuit 34 converts the amplified voltage 
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into a digital value. A transient current flows in the liquid 
crystal layer 105 due to charge and discharge immediately 
after the application of the Voltage Vb(+) to the pixel elec 
trodes 118 with the setting of the level of the data signals d1 
to d640 at the voltage Vb(+). 
[0059| For this reason, the waveform ofan electric current 
that flows through the electric supply line 70 (i.e., common 
current waveform) is as shown in FIG. 6. At a point in time 
where the level of the data signals d1 to d640 switches to the 
Voltage Vb(+), it reaches a positive peak value I(+)max. On 
the other hand, since a detection target of the present embodi 
ment of the invention is an electric current that reflects the 
resistance component R, a preferred point in time at which 
a Voltage generated between the terminals of the resistance 
element 60 should be sampled is a point in time at which a 
transient current settles, that is, after the lapse of sufficient 
time since the switchover of the level of the data signals d1 to 
d640 to the positive voltage Vb(+). For example, preferred 
timing is a point in time immediately before the switchover of 
the level of the data signals d1 to d640 to the negative voltage 
Vb(-). For this reason, in the present embodiment of the 
invention, among digital values outputted from the A/D con 
version circuit 34 after the A/D conversion is performed, the 
temperature output circuit 35 uses a value sampled at a point 
in time immediately before the switchover of the voltage level 
of the data signals d1 to d640 thereto as a current saturation 
(settlement) value. In the common current waveform illus 
trated in FIG. 6, the point of Zero is important. 
0060) Ifa Voltage applied to all of the pixel electrodes 118 
coincides with the Voltage LCcom applied to the common 
electrode 108, it follows that the value of an electric current 
that flows through the electric supply line 70 should be zero. 
In view of the above, a current Zero point is taken as follows. 
Prior to electric current detection operation, the level of all of 
the scanning signals G1 to G480 is set at the H level. In 
addition, the level of the data signals d1 to d640 is set at the 
voltage LCcom for the writing of the voltage LCcom into all 
of the pixel electrodes 118. Then, after the lapse of sufficient 
time, the output value of the amplification circuit 50 in a 
stationary State is used as the current Zero point. 
0061. As a first step of operation, the temperature output 
circuit 35 calculates the sum of the values of an electric 
current that flows in the liquid crystal layer 105 of all of the 
liquid crystal elements 120 by dividing the voltage converted 
into a digital value by the resistance value R and the amplifi 
cation coefficient C. In the electric current Subjected to Sum 
mation, the transient current component is eliminated. The 
Summation value calculated here corresponds to a value 
denoted as I(n) in the common current waveform (as shown in 
FIG. 6). 
0062. The liquid crystal layer 105 has characteristics that 
resemble those of a semiconductor in that the specific resis 
tance of the liquid crystal layer 105 decreases as the tempera 
ture increases and that the specific resistance thereof 
increases as the temperature decreases. For this reason, the 
summation value of an electric current that flows in the liquid 
crystal layer 105 increases almost in proportion to an increase 
in temperature. Specifically, the common current waveform 
has characteristics at a low temperature which are shown by 
the solid line shown in FIG. 6. By way of comparison, the 
common current waveform has characteristics at a high tem 
perature which are shown by a two-dot chain line. Therefore, 
through the utilization of such characteristics, it is possible to 
calculate the temperature of the liquid crystal layer 105 based 
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on the Summation value of an electric current. In the present 
embodiment of the invention, for the liquid crystal layer 105 
in the liquid crystal panel 100, the relationship between the 
Summation value of an electric current and temperature as 
illustrated in FIG. 4A has been experimentally determined, or 
determined by other means, in advance. In addition, informa 
tion on the found characteristics (e.g., inclination, intercept) 
is pre-stored in the temperature output circuit 35. As a second 
step of operation, the temperature output circuit 35 utilizes 
the characteristic information to calculate temperature from 
the calculated sum of the values of an electric current. Then, 
the temperature output circuit 35 outputs the calculated tem 
perature. 
0063. If the voltage Vb(+) continued to be applied to the 
pixel electrode 118, a direct-current component would be 
applied to the liquid crystal layer 105. In order to avoid the 
application of a direct-current component thereto, the data 
line driving circuit 140 switches the level of the data signals 
d1 to d640 to the negative voltage Vb(-) corresponding to the 
black level as illustrated in FIG. 6. Since an electric current 
has already been detected during a time period throughout 
which the level of the data signals d1 to d640 is set at the 
positive Voltage Vb(+), it is not necessary to detect an electric 
current during a time period throughout which the level of the 
data signals d1 to d640 is set at the negative voltage Vb(-). 
Though it is not necessary, a current value I(n+1) obtained 
when the level of the data signals d1 to d640 is set at the 
voltage Vb(-) may be detected in addition to the detection of 
the current value I(n) obtained when the level of the data 
signals d1 to d640 is set at the voltage Vb(+), followed by the 
calculation of temperature based on the average of the abso 
lute values of the two. By this means, it is possible to reduce 
3I EIIOI, 

0064. At the lookup table 32, a table for a temperature 
range within which a temperature (temperature information) 
outputted falls is selected from the temperature output circuit 
35. Since an appropriate lookup table (32) is selected in 
accordance with the temperature of the liquid crystal layer 
105 in the liquid crystal panel 100, the present embodiment of 
the invention makes it possible to improve the display char 
acteristics of a moving picture changes depending on the 
temperature. 
0065. The level of an electric current that flows in the 
liquid crystallayer 105 of each individual element is very low, 
which is not high enough to carry out individual measure 
ment. In the temperature detection operation (A), however, 
the sum of the values of an electric current that flows in all of 
the pixels 110 is detected with the setting of the level of the 
scanning signals G1 to G480 at the H level and the setting of 
the level of the data signals d1 to d640 at the positive voltage 
Vb(+) corresponding to the black level. Therefore, it is pos 
sible perform a measurement. In addition, in the temperature 
detection operation (A), since the level of the data signals ds 
is set at the voltage Vb(+) corresponding to the black level, 
that is, the maximum level when the TFTs 116 are set ON, 
effects due to the temperature dependency of the TFTs 116 
can be reduced, thereby making it possible to detect an elec 
tric current with higher precision. 
0066. It is explained above that the temperature output 
circuit 35 utilizes characteristic information in the tempera 
ture detection operation (A) to calculate temperature infor 
mation on the basis of the calculated sum of the values of an 
electric current. However, the scope of the invention is not 
limited to Such an exemplary configuration. For example, as 
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illustrated in FIG. 4B, temperature information relative to 
each Summation value of an electric current may be pre 
stored in a table. In this modified configuration, the tempera 
ture output circuit 35 looks up the table to find temperature 
information corresponding to the summation value ofan elec 
tric current and then outputs the found value. Since the tem 
perature output circuit 35 uses the table to output temperature 
information, it is not necessary to perform computation at the 
temperature output circuit 35, which makes it possible to 
simplify configuration. 
0067 Next, with reference to FIGS. 7 and 8, the tempera 
ture detection operation (B) will be explained. The tempera 
ture detection operation (B) is another mode of temperature 
detection. FIG. 7 is a diagram that schematically illustrates an 
example of the waveform of signals obtained when the tem 
perature detection operation (B) according to the present 
embodiment of the invention is performed. When the tem 
perature detection operation (B) is performed, as illustrated in 
FIG. 7, the scanning control circuit 20 controls the Scanning 
line driving circuit 130 in such a way as to set the level of all 
of the scanning signals G1 to G480 at the H level as done in 
the temperature detection operation (A) explained above. As 
a result, all TFTs 116 that are arranged in the display area 101 
are set ON. In the temperature detection operation (B), the 
scanning control circuit 20 performs control in a cycle of split 
time periods Ta->Tb->Tc->Td->(Ta). As such, the scanning 
control circuit 20 sends a notification that indicates that the 
time period is one of Ta, Tb, Tc, and Tod, to the data-line 
driving circuit 140 by means of the control signal Xctr. In 
addition, the Scanning control circuit 20 controls the data-line 
driving circuit 140 in such a way as to set the level of the data 
signals d1 to d640 at a positive halftone voltage Vg(+) 
throughout the time period Ta, at the Voltage Vc throughout 
the time period Tb, at a negative halftone Voltage Vg(-) 
throughout the time period Tc, and at the Voltage Vc through 
out the time period Tod, irrespective of the data signals ds as 
illustrated in FIG. 7. The voltage Vg(+) is a positive voltage 
that corresponds to a halftone between white and black. The 
Voltage Vg(-) is a negative Voltage that corresponds to a 
halftone between white and black. 

0068. Note that the electric current detection operation (B) 
is irrelevant to the sync signal Sync. Therefore, the time 
periods Ta, Tb, Tc, and Ta are irrelevant to a vertical scanning 
signal. Notwithstanding the above, however, they may be 
switched over in synchronization therewith. For example, 
they may be switched over in a cycle of a half of that of a 
Vertical scanning signal. 
0069. In the temperature detection operation (B), since all 
of the TFTs 116 that are arranged in the display area 101 are 
set in an ON state, the same voltage is applied to all of the 
pixel electrodes 118. The level of the data signals d1 to d640 
switches over at each transition between the time periods Ta, 
Tb, Tc, and Tod as illustrated in FIG. 7. As the data-signal 
voltage that is applied to the pixel electrodes 118 is switched 
over, an electric current flows in the liquid crystal elements 
120. When the electric current flows in the liquid crystal 
elements 120, an electric current whose level is equal to the 
sum of the values of the electric current that flows in all of the 
liquid crystal elements 120 flows through the electric supply 
line 70. The summation electric current that flows through the 
electric supply line 70 is converted into a voltage by the 
resistance element 60. Therefore, a common current wave 
form may be formed, as illustrated in FIG. 7. The reason is 
explained in detail below. 
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0070. In the common current waveform, a first positive 
peak point Ap of a differential waveform appears at the begin 
ning of the time period Ta due to a transient current that flows 
in the liquid crystal element 120. That is, the first positive 
peak point Ap appears due to a level Switchover in a direction 
in which the voltage level of the pixel electrode 118 becomes 
relatively high with respect to the voltage level of the com 
mon electrode 108. Next, a second positive peak point Bp 
appears after the first positive peak point Ap due to a change 
in the capacitance of the liquid crystal element 120. In like 
manner, in the common current waveform, a first negative 
peak point Am of a differential waveform appears at the 
beginning of the time period Tc due to a level switchover in a 
direction in which the voltage level of the pixel electrode 118 
becomes relatively low with respect to the voltage level of the 
common electrode 108. A second negative peak point Bm 
appears due to a change in the capacitance of the liquid crystal 
element 120 from the start of the time period Tc. 
0071. The first peak point Ap (Am) reflects a transient 
current that flows due to the charging and discharging of the 
liquid crystal element 120 as in the electric current detection 
operation (A). For this reason, a duplicate explanation is 
omitted here. 
0072 A change in the capacitance of the liquid crystal 
element 120 shown by the second peak point Bp (Bm) is 
explained below. When the voltage that is applied to the pixel 
electrode 118 is switched from the voltage Vc to the voltage 
Vg(+) at the beginning of the time period Ta, a Voltage that is 
applied to the liquid crystal element 120 (i.e., a difference 
between an electric potential applied to the pixel electrode 
118 and an electric potential applied to the common electrode 
108) changes instantaneously in response to the switchover of 
the voltage applied to the pixel electrode 118. In contrast, as 
illustrated in the drawing, a transmission factor, which is an 
optical response, changes slowly in response to the Switcho 
ver of the voltage applied to the pixel electrode 118 (It takes 
several microseconds or so for a transmission factor to reach 
a saturation value). Specifically, it changes slowly from the 
maximum transmittance value Tmax in a normally white 
mode to a transmittance value Tg that corresponds to a half 
tOne. 

0073. The capacitance of the liquid crystal element 120 
changes depending on the molecular arrangement state (i.e., 
tilt) of liquid crystal as a dielectric Substance disposed 
between the pixel electrode 118 and the common electrode 
108. The transmission factor is determined depending on the 
tilt thereof. Therefore, the capacitance of the liquid crystal 
element 120 changes in relation to the transmission factor of 
the liquid crystal element 120. Generally, the capacitance of 
the liquid crystal element 120 increases as a Voltage applied 
thereto increases. Since it is assumed that the liquid crystal 
element 120 according to the present embodiment of the 
invention is driven in a normally white mode as explained 
earlier, the capacitance increases as the transmission factor 
decreases. 
0074. In the liquid crystal element 120, the responsiveness 
of capacitance (transmission factor) relative to the change in 
applied Voltage improves as the temperature increases. There 
fore, when a common current waveform at a low temperature 
has characteristics shown by a thick line in the drawing, a 
common current waveformat a high temperature has charac 
teristics shown by a thin line therein. For this reason, values 
that characterize the second peak point Bp (Brm) also change 
relative to temperature. 
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0075. As such, attention is focused in the temperature 
detection operation (B) on the peak value (i.e., crest value) of 
the second peakpoint Bp (Bm) and the length of time from the 
beginning of the time period Ta (Tc) to the second peak point 
(peak arrival time) as the values that characterize the second 
peak point Bp (Bm). In addition, as in the electric current 
detection operation (A) described above, attention is focused 
in the detection operation (B) on a current Saturation value in 
addition to the peak value of the second peak point and the 
length of time from the beginning of the time period to the 
second peak point, or one or more of these characteristics. 
0076. In FIG. 7, I-(+) denotes the peak value of the 
second peak point Bp in the time period Ta. The length of time 
from the beginning of the time period Ta to the second peak 
point Bp (second-peak arrival time) is shown as ts(+). The 
current saturation value for the time period Ta is shown as 
Isato). In like manner, in FIG. 7, I-(-) denotes the peak 
value of the second peak point Bm in the time period Tc. The 
length of time from the beginning of the time period Tc to the 
second peak point Bm (second-peak arrival time) is shown as 
ts(-). The current saturation value for the time period Tc is 
shown as Isat(-). 
0077. These values have the following relationship with 
temperature: As temperature increases, the peak value of the 
second peak point increases. As temperature increases, the 
peak arrival time becomes shorter. As temperature increases, 
the current Saturation value increases. 
0078. As previously explained, the temperature output cir 
cuit 35 utilizes characteristic information in the temperature 
detection operation (A) to calculate temperature information 
based on a current Saturation value. In the temperature detec 
tion operation (B), the relationship between current satura 
tion values and temperature values is pre-stored in a table. 
The temperature output circuit 35 looks up the table to find the 
temperature of the liquid crystal layer 105 based on the 
detected current Saturation value and then outputs the tem 
perature information. 
(0079. Or, the temperature output circuit 35 may utilize 
characteristic information as in the temperature detection 
operation (A) in order to calculate the temperature based on 
the current saturation value. As explained above for the cur 
rent Saturation value, the relationship between the peak values 
of the second peak point and temperature values is pre-stored 
in a table. The temperature output circuit 35 looks up the table 
to find the temperature of the liquid crystal layer 105 based on 
the detected peak value of the second peak point and then 
outputs the temperature information. 
0080. The same applies for peak arrival time. That is, the 
relationship between peak arrival time and temperature is 
pre-stored in a table. The temperature output circuit 35 looks 
up the table to find the temperature of the liquid crystal layer 
105 based on the detected peak arrival time and then outputs 
the temperature information. 
I0081 FIGS. 8A-8C are flowcharts that schematically 
illustrate examples of the processing flow of the temperature 
detection operation (B) according to the present embodiment 
of the invention. FIG. 8A is a flowchart of operation for 
detecting a current Saturation value and outputting tempera 
ture information on the basis thereof. FIG.8B is a flowchart of 
operation for detecting the peak value of the second peak 
point and outputting temperature information on the basis 
thereof. FIG. 8C is a flowchart of operation for detecting 
second-peak arrival time and outputting temperature infor 
mation on the basis thereof. The upper part of each of FIGS. 
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8A, 8B, and 8C shows operation for detecting a value of either 
one of positive and negative polarities, which is assumed to be 
positive polarity in this example, and outputting temperature 
information on the basis thereof. The lower part of each of 
FIGS. 8A, 8B, and 8C shows operation for detecting values of 
both of positive and negative polarities and outputting tem 
perature information on the basis thereof. 
0082. The operation shown in the upper part of FIG. 8A is 
explained below. At step a11, the temperature output circuit 
35 takes, out of digital values outputted from the A/D conver 
sion circuit 34 after A/D conversion thereat, a value sampled 
at a point in time immediately before the end of the time 
period Ta (i.e., at a point in time immediately before the start 
of the time period Tb) as the current saturation value Isat(+). 
In the next step a14, the temperature output circuit 35 looks up 
a table to convert the current saturation value Isat +) into 
temperature information and then outputs the temperature 
information. When the temperature information is outputted, 
a table for a temperature range within which the temperature 
(temperature information) outputted from the temperature 
output circuit 35 falls is selected at the lookup table 32. 
0083) Next, the operation shown in the upper part of FIG. 
8B is explained below. In a step b11, the temperature output 
circuit 35 locates the second peakpoint Bp appearing after the 
first peak point Ap in the time period Ta out of digital values 
outputted from the A/D conversion circuit 34. The tempera 
ture output circuit 35 takes the crest value thereofas the peak 
value I-(+). Then, in a step b14, the temperature output 
circuit 35 looks up a table to convert the peak value I-(+) into 
temperature information and then outputs the temperature 
information. The temperature output circuit 35 can locate the 
second peak point Bp by finding a point at which the level of 
an electric current takes a downward turn after the start of the 
time period Ta. 
0084. Next, the operation shown in the upper part of FIG. 
8C is explained below. In a step c11, the temperature output 
circuit 35 measures the length of time from the beginning of 
the time period Ta to the second peak point Bp, that is, the 
second-peak arrival time ts(+). Then, in a step c14, the tem 
perature output circuit 35 looks up a table to convert the 
arrival time ts(+) into temperature information and then out 
puts the temperature information. 
0085. As explained above, with the temperature detection 
operation (B), it is possible to output information on the 
temperature of the liquid crystal layer 105 on the basis of the 
peak value of the second peak point or the second-peak arrival 
time. Or, the temperature information can be outputted on the 
basis of the current saturation value. In the above explanation, 
it is assumed that a value is detected for the positive polarity. 
A value may also be detected for the negative polarity. 
I0086. The procedure shown in the lower part of FIG. 8A is 
explained below. In a step a12 that follows the step a11, which 
is the same as the step a11 of the upper part thereof, the 
temperature output circuit 35 takes, out of digital values out 
putted from the A/D conversion circuit 34 after the A/D con 
version process, a value sampled at a point in time immedi 
ately before the end of the time period Tc (i.e., at a point in 
time immediately before the start of the time period Ta) as the 
current Saturation value Isat-). In the next step a13, an aver 
age of the absolute values of the current Saturation values 
Isat-) and Isat(-) is calculated. Then, in the next step a14, the 
temperature output circuit 35 looks up a table to convert the 
average value into temperature information, and then outputs 
the temperature information. 
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I0087. The procedure shown in the lower part of FIG.8B is 
as follows. In a step b12 that follows the step b11, which is the 
same as the step b11 of the upper part thereof, the temperature 
output circuit 35 locates the second peak point Bm appearing 
after the first peak point Am in the time period Tc out of digital 
values outputted from the A/D conversion circuit 34. The 
temperature output circuit 35 takes the crest value thereof as 
the peak value I-(-). In the next step b13, an average of the 
absolute values of the peak values I-(+) and I-(-) is calcu 
lated. Then, in the next step b14, the temperature output 
circuit 35 looks up a table to convert the average value into 
temperature information, and then outputs the temperature 
information. The temperature output circuit 35 can locate the 
second peak point Bm by finding a point at which the level of 
an electric current takes an upward turn after the start of the 
time period Tc. 
I0088. The procedure shown in the lower part of FIG. 8C is 
as follows. In a step c12 that follows the step c11, which is the 
same as the step c11 of the upperpart thereof, the temperature 
output circuit 35 measures the length of time from the begin 
ning of the time period Tc to the second peak point Bm as the 
second-peak arrival time ts(-). In the next step c13, an aver 
age of the absolute values of the arrival times ts(+) and ts(-) 
is calculated. Then, in the next step c14, the temperature 
output circuit 35 looks up a table to convert the average value 
into temperature information, and then outputs the tempera 
ture information. When a value of either polarity is used, there 
is a possibility of outputting a result that is not accurate in a 
case where the value of positive polarity and a value of nega 
tive polarity are not balanced with each other. With the use of 
an average of a positive value and a negative value, it is 
possible to detect the temperature of the liquid crystal layer 
105 with greater accuracy. Though it is explained above that 
a value of positive polarity and a value of negative polarity are 
detected once, each value may be detected twice or more. The 
temperature of the liquid crystal layer 105 to be outputted 
may be found based on the average of these values. 
I0089. As explained above, with the temperature detection 
operation (B), it is possible to detect the temperature of the 
liquid crystal layer 105 based on one characteristic selected 
from the current saturation value, the peak value of the second 
peak point, and the second-peak arrival time. It is inferred that 
the accuracy of measurement when the peak value of the 
second peak point is used is greater than the accuracy of 
measurement when the second-peak arrival time is used. In 
addition, it is inferred that the accuracy of measurement when 
the second-peak arrival time is used is greater than the accu 
racy of measurement when the current Saturation value is 
used. In view of the above, for example, temperature values 
may be found based on these three values, followed by the 
weighting of the temperature values in the order of measure 
ment accuracy. 
0090 Whichever temperature detection operation (A or 
B) is adopted, information on the temperature of a liquid 
crystal layer is outputted based on the waveform of a common 
current. Therefore, the first embodiment of the invention 
eliminates the need for a temperature sensor in the area of the 
liquid crystal panel 100. In addition, the resistance element 60 
may be, for example, included in or provided on the FPC as 
explained earlier since the resistance element 60 has only to 
be provided somewhere on the electric supply line 70. There 
fore, there is almost no restriction when mounting the resis 
tance element 60. 
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0091 Moreover, since the temperature of a liquid crystal 
layer is found based on the waveform of a common current 
that reflects the temperature, it is possible to perform tem 
perature detection with greater accuracy incomparison with a 
case where a temperature sensor is provided in the area of the 
liquid crystal panel 100. 
0092. The following description is found in the patent 
document which was previously mentioned, JP-A-9-96796, 
which is an example of the current state of the art. An alter 
nating-current power Supply is connected to an auxiliary 
capacitance (Storage capacitance) electrode. An electric cur 
rent that flows in the auxiliary capacitance electrode is mea 
Sured with the use of an alternating-current ammeter. The 
resistance value of the auxiliary capacitance electrode is cal 
culated. Then, the temperature of a liquid crystal panel is 
calculated based on the resistance value. However, due to the 
nature of an electrode, the resistance value of the auxiliary 
capacitance electrode is almost Zero. Therefore, even when 
the resistance value of the auxiliary capacitance electrode 
changes depending on temperature, the change in resistance 
is relatively small in comparison with the internal resistance 
of the alternating-current ammeter. For this reason, it is 
inferred that an actual measurement result contains a Substan 
tial measurement error. In addition, when the alternating 
current power Supply for resistance measurement is con 
nected to the auxiliary capacitance electrode, it is necessary to 
increase frequency (by 1 to 2 MHz) so as not to cause the 
response of a liquid crystal layer. Since at least twice the 
sampling frequency is required in order to measure an electric 
current having Such high frequency, it is inevitable that the 
configuration of the alternating-current ammeter is less 
simple. 
0093. In contrast, in the present embodiment of the inven 

tion, the resistance element 60 converts an electric current 
that flows through the electric supply line 70 through which 
the Voltage LCcom is Supplied into a Voltage for detection. 
Therefore, a measurement erroris Small. In addition, it is not 
necessary to provide a complex alternating-current ammeter 
for high frequency. 
0094. In the first embodiment of the invention, the sum of 
the values of an electric current that flow in all of the liquid 
crystal elements 120 is detected in electric current detection 
operation. The exemplary configuration described above may 
also be modified as follows. For example, dummy Scanning 
lines and dummy pixels may be provided at an area that is 
outside the display area 101 but inside the sealing material 
152. Throughout the vertical flyback time period Fb, a selec 
tion Voltage may be applied to the dummy Scanning lines. 
0095. On the other hand, for example, the voltage Vb(+), 
Vb(-) corresponding to the black level is supplied as the level 
of data signals to the data lines 114 therein. In the vertical 
flyback time period Fb, the display area 101 is in a held state 
with the pixel electrodes 118 being not electrically connected 
to anywhere. Accordingly, if the off-leak of the TFTs 116 is 
negligibly small, no electric current flows in the liquid crystal 
elements 120 that are provided in the display area 101. There 
fore, an electric current flows only in the liquid crystal ele 
ments 120 corresponding to the dummy Scanning lines. Since 
an electric current that flows through the resistance element 
60 is limited to one that flows in the dummy Scanning lines, 
the amount of the current is small; however, it is possible to 
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detect an electric current without affecting a display picture 
that appears in the display area 101 during display operation. 

Second Embodiment 

0096. Next, a second embodiment of the invention will be 
explained below. FIG.9 is a diagram that schematically illus 
trates an example of the configuration of a liquid crystal 
display device according to the second embodiment of the 
invention. The liquid crystal display device illustrated in FIG. 
9 is different in terms of configuration from the liquid crystal 
display device according to the first embodiment of the inven 
tion, which is illustrated in FIG. 1, in that the former is 
provided with a low pass filter (LPF) 80. The LPF 80 is 
provided as an upstream device as viewed from the A/D 
conversion circuit 34 (i.e., at the input side of the A/D con 
version circuit 34). The LPF 80 selectively passes the low 
frequency component of a signal outputted from the amplifi 
cation circuit 50. 

0097. In addition, the liquid crystal display device illus 
trated in FIG. 9 is different in terms of operation from the 
liquid crystal display device illustrated in FIG. 1 in that, in 
temperature detection operation (C) according to the second 
embodiment of the invention, the scanning-line driving cir 
cuit 130 performs line-sequential driving operation for 
sequentially selecting scanning lines in the same manner as 
done in a display mode and as shown in FIG. 10, unlike the 
temperature detection operation (A) and (B) according to the 
first embodiment of the invention. When a line-sequential 
driving scheme is adopted, the waveform of a common cur 
rent appears as the Superimposition of electric-current wave 
forms that appear upon the sequential selection of respective 
rows as illustrated in the drawing, that is, the Superimposition 
of electric-current waveforms that respectively appear when 
the level of the scanning signals G1-G480 are sequentially set 
at the H level. The component of an instantaneous carrying 
current included in the Superimposed waveform, which cor 
responds to a first peakpoint, has a high frequency. Therefore, 
it is filtered out at the LPF 80. As a result, an integral of the 
peak values of the second peak points, which include a low 
frequency component, is outputted from the LPF 80 as illus 
trated in FIG.10. As explained earlier, the absolute peak value 
of the second peak point increases as temperature increases. 
(0098. The temperature output circuit 35 calculates either 
the amplitude Ip of the integral component for the second 
peakpoints attributable to the application of a positive Voltage 
or the amplitude Im of the integral component for the second 
peak points attributable to the application of a negative Volt 
age from digital data converted from an output signal of the 
LPF 80. A relationship between the value and temperature is 
pre-stored in a table. The temperature output circuit 35 looks 
up the table to find temperature on the basis thereof and then 
outputs temperature information. Or, the temperature output 
circuit 35 calculates an average of the absolute values of the 
two, looks up the table to find temperature on the basis 
thereof, and then outputs temperature information. 
0099. The temperature detection operation (C) according 
to the second embodiment of the invention has an advantage 
over the temperature detection operation (B) according to the 
first embodiment of the invention in that, firstly, it is not 
necessary to change the driving mode of the Scanning-line 
driving circuit 130 from a display operation mode, and sec 
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ondly, it is not necessary to perform waveform processing to 
locate the second peak point and find the peak value thereof. 

Third Embodiment 

0100 Next, a third embodiment of the invention will be 
explained. In the foregoing first and second embodiments of 
the invention, the lookup table 32, which is used for compen 
sating the responsiveness of liquid crystal, is Switched over 
depending on information on detected temperature. However, 
control depending on information on detected temperature is 
not limited to the above examples. As another example of 
control depending on information on detected temperature is 
illustrated in the third embodiment of the invention. In the 
third embodiment of the invention, the system is controlled to 
reduce a change in a transmission factor when temperature 
information changes. 
0101 FIG. 11 is a diagram that schematically illustrates an 
example of the configuration of a liquid crystal display device 
according to the third embodiment of the invention. The liq 
uid crystal display device illustrated in FIG. 11 is different in 
terms of configuration from the liquid crystal display device 
according to the first embodiment of the invention, which is 
illustrated in FIG. 1, in that, firstly, the former is not provided 
with the frame memory 31, and secondly, the former is pro 
vided with a lookup table 37 as a substitute for the lookup 
table 32. The above points of difference are focused in the 
following description. 
0102) A relationship between a gradation level that is 
specified by the video signal Vd and the transmission factor of 
the liquid crystal element 120 is nonlinear. As illustrated in 
FIG. 12A, with a human visual sensitivity taken into consid 
eration, the relationship has curved characteristics whose 
gamma coefficient is 2.2. On the other hand, in a normally 
white mode, a relationship between a voltage (V) that is 
applied to the liquid crystal element 120 and a transmission 
factor (T) (i.e., so-called V-T characteristics) is as illustrated 
in FIG. 12B. 
0103) Accordingly, the following approach is taken for 
Voltage application. As a first step, a transmission factor that 
corresponds to a gradation level specified by the video signal 
Vd is found with reference to the gamma characteristic curve 
illustrated in FIG. 12A. As a second step, a voltage that should 
be applied so as to obtain the transmission factor is found with 
reference to the V-T characteristics illustrated in FIG. 12B. 
Then, the Voltage is applied to a liquid crystal element. 
0104. When the V-T characteristics have a characteristic 
curve shown by a thick line in the drawing in a low tempera 
ture state, the V-T characteristics have a characteristic curve 
shown by a thin line in a high temperature state. That is, as 
temperature increases, the transmission factor changes at a 
lower Voltage range. In view of the above, in the present 
embodiment of the invention, for example, two lookup tables, 
that is, a low temperature range lookup table and a high 
temperature range lookup table, are prepared as the lookup 
table 37 in which a relationship between a gradation level and 
a voltage that should be applied is written as illustrated in 
FIG. 12C. One lookup table is selected depending on tem 
perature information outputted from the temperature output 
circuit 35. 
0105. Accordingly, in the illustrated example of FIGS. 
12A-C, when the gradation level specified by the video signal 
Vd is Dt., it is judged as a low temperature state if the tem 
perature information outputted from the temperature output 
circuit 35 is not larger than a threshold value. In this case, a 
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Video signal Vdb for setting a Voltage applied to a liquid 
crystal element at 2.7V is outputted. It is judged as being in a 
high temperature state if the temperature information output 
ted from the temperature output circuit 35 is larger than the 
threshold value. In this case, the video signal Vdb for setting 
the voltage applied to the liquid crystal element at 2.5V is 
outputted. The video signal Vdb is converted into the data 
signal ds whose level is higher or lower than the reference 
voltage Vc by a voltage level specified by the A/D conversion 
circuit 34. By this means, even when the actual transmission 
factor of the liquid crystal element 120 transitions from a low 
temperate state to a high temperature state, it is possible to 
avoid a change from the transmission factor specified by the 
gradation level Dt. 
0106. It is explained above that two lookup tables, that is, 
a low temperature range lookup table and a high temperature 
range lookup table, are used as the lookup tables37. However, 
the number of lookup tables is not limited to two. Three or 
more lookup tables may be prepared. In the illustrated 
example of FIGS. 12A-12C, the video signal Vd has 10 bits. 
The gradation level is specified in 1024 steps from “O'” inclu 
sive to “1023” inclusive. However, a voltage applied corre 
sponding to these steps of the gradation level is a mere 
example. Examples of control depending on obtained tem 
perature information are not limited to the compensation of 
the responsiveness of liquid crystal and the reduction of a 
change in a transmission factor. The controlling of the num 
ber of revolutions of a fan for cooling the liquid crystal panel 
100 is another example thereof. 
0107. In each of the foregoing embodiments of the inven 
tion, the resistance element 60 that is provided somewhere on 
the electric supply line 70 converts an electric current that 
flows in the liquid crystal layer 105 into a voltage. Tempera 
ture information is obtained through calculation on the basis 
of the voltage and is then outputted. However, an element or 
the like for detecting an electric current is not limited to the 
resistance element 60. For example, a Hall element or a 
current transformer may be used to detect an electric current 
that flows in the liquid crystal layer. With a Hall element 
provided on the electric supply line 70, or with a current 
transformer through which the electric supply line 70 goes, it 
is possible to take out a magnetic field that is generated 
depending on an electric current that flows in the liquid crys 
tal layer 105 in the form ofan electric signal. The level of the 
electric signal is taken as a value corresponding to the electric 
current that flows in the liquid crystal layer. Temperature 
information can be obtained through calculation on the basis 
of the value. 

0.108 Furthermore, a normally black mode may be 
adopted as a substitute for a normally white mode. Needless 
to say, a reflective liquid crystal display Scheme may be 
adopted as a Substitute for a transmissive liquid crystal dis 
play Scheme. 
0109. In each of the foregoing embodiments of the inven 
tion, the liquid crystal panel 100 is explained as a vertical 
electric field liquid crystal panel. However, the scope of the 
invention is not limited thereto. A horizontal electric field 
scheme such as fringe field switching (FFS), in-plane switch 
ing (IPS), or the like may be adopted. In the structure of a 
vertical electric field liquid crystal panel, the pixel electrodes 
118 are provided on the TFT array substrate 150, whereas the 
common electrode 108 is provided on the opposite substrate 
151. In the structure of a horizontal electric field liquid crystal 
panel, both the pixel electrodes 118 and the common elec 
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trode 108 are provided on the TFT array substrate 150. A 
second Voltage and a first Voltage are applied to the pixel 
electrode 118 and the common electrode 108, respectively, to 
drive a liquid crystal layer. 

Electronic Apparatus 
0110. Next, an example of an electronic apparatus to 
which the liquid crystal display device 1 according to an 
exemplary embodiment of the invention is applied is 
explained. FIG. 13 is a plan view that schematically illustrates 
an example of the configuration of a projector that uses the 
liquid crystal panel 100 of the liquid crystal display device 1 
as a light source. As illustrated in FIG. 13, a lamp unit 2102. 
which is made of a white light source such as a halogen lamp, 
is provided in a projector 2100. A beam of projection light that 
is emitted from the lamp unit 2102 is separated into three 
primary color components of red (R), green (G), and blue (B) 
by three mirrors 2106 and two dichroic mirrors 2108 arranged 
inside the projector 2100. The beams of separated primary 
color components of R, G, and B are guided to enter corre 
sponding light valves 100R, 100G, and 100B, respectively. 
The optical path for the B beam is longer than the optical path 
for the Rbeam and the optical path for the G beam. Therefore, 
in order to prevent optical loss, the B beam is guided through 
a relay lens system 2121, which is made up of an incoming 
beam lens 2122, a relay lens 2123, and an outgoing beam lens 
2124. 
0111. In the configuration of the projector 2100, three 
electro-optical devices, each of which includes the liquid 
crystal panel 100, are provided for the three primary color 
components of R, G, and B. An external host circuit Supplies 
a video signal for each of the color components of R, G, and 
B thereto. The video signal is stored in a frame memory. The 
configuration of the light valves 100R, 100G, and 100B is the 
same as that of the liquid crystal panel 100 previously 
explained. Beams of light modulated by the light valves 
100R, 100G, and 100B enter a dichroic prism 2112 from the 
respective directions, that is, three directions. The Rbeam and 
the B beam are refracted at a 90-degree angle at the dichroic 
prism 2112, whereas the G beam goes straight through the 
dichroic prism 2112. These color components are combined 
with one another. As a result, a color image is projected on a 
screen 2120 through a projection lens 2114. 
0112 Light corresponding to one of the primary colors R. 
G, and B enters into the corresponding one of the light valves 
100R 100G, and 100B because of the presence of the dich 
roic mirror 100. Therefore, it is not necessary to provide a 
color filter thereon. A transmission image of the light valve 
100R is reflected at the dichroic prism 2112 before projection. 
A transmission image of the light valve 100B is also reflected 
at the dichroic prism 2112 before projection. In contrast, a 
transmission image of the light valve 100G is directly pro 
jected. For this reason, the horizontal scanning direction of 
the light valves 100R and 100B is configured to be opposite to 
the horizontal scanning direction of the light valve 100G for 
displaying a mirror reversed image in the horizontal direc 
tion. 
0113 Besides a projector explained above with reference 

to FIG. 13, the liquid crystal panel 100 may be used as a light 
Source for, for example, a rear projection television. In addi 
tion, the liquid crystal panel 100 can be applied to, for 
example, an electronic viewfinder (EVF) for a mirror-less 
lens-replaceable digital camera, a video camera, and the like. 
Among the variety of electronic apparatuses to which a liquid 
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crystal device according to an aspect of the present invention 
is applicable are a head-mount display device, a car naviga 
tion device, a pager, an electronic personal organizer, an 
electronic calculator, a word processor, a workstation, a 
videophone, a POS terminal, a digital still camera, a mobile 
phone, a touch panel, and so forth. Needless to say, a liquid 
crystal device according to an aspect of the invention is appli 
cable to the above various electronic apparatuses without any 
limitation to those enumerated above. 
What is claimed is: 
1. A liquid crystal device comprising: 
a pair of Substrates that are provided opposite to each other 

with a liquid crystal layer being disposed therebetween; 
a pair of electrodes provided for each intersection of a 

plurality of Scanning lines and a plurality of data lines, 
the pair of electrodes driving the liquid crystal layer, 

a driving circuit that applies a driving Voltage to the pair of 
electrodes; 

an electric current detection element that detects a value 
corresponding to an electric current that flows in the 
liquid crystal layer when the driving Voltage is applied; 
and 

a temperature information output circuit that outputs tem 
perature information of the liquid crystal layer based on 
the value corresponding to the electric current. 

2. The liquid crystal device according to claim 1, wherein 
the temperature information output circuit has a table in 
which a relationship between a value corresponding to an 
electric current and temperature is pre-stored, and wherein 
the temperature information output circuit looks up the table 
to convert the value corresponding to the electric current into 
the temperature information of the liquid crystal layer. 

3. A temperature detection method that is used by the liquid 
crystal device of claim 1, the temperature detection method 
comprising: 

applying the first Voltage to the first electrode through the 
electric Supply line; 

applying the second Voltage to the second electrode 
through the data line; and 

converting a saturation value for the value corresponding to 
the electric current that flows in the liquid crystal layer, 
which is detected by the electric current detection ele 
ment upon the application of the first Voltage and the 
second Voltage, into the temperature information of the 
liquid crystal layer. 

4. An electronic apparatus that is provided with the liquid 
crystal device according to claim 1. 

5. A liquid crystal device comprising: 
a first substrate and a second substrate that are provided 

opposite to each other with a liquid crystal layer being 
disposed therebetween; 

a first electrode and a second electrode provided for each 
intersection of a plurality of scanning lines and a plural 
ity of data lines, the first electrode and the second elec 
trode driving the liquid crystal layer, 

a first Supply circuit that Supplies a first Voltage to the first 
electrode through an electric Supply line; 

a second Supply circuit that Supplies a second Voltage to the 
second electrode through at least one of the plurality of 
data lines, the second voltage being different from the 
first Voltage; 

an electric current detection element that includes a resis 
tance element that is inserted on the electric Supply line, 
the electric current detection element detecting a value 
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corresponding to an electric current that flows in the 
liquid crystal layer when the first voltage and the second 
Voltage are applied; and 

a temperature information output circuit that outputs tem 
perature information of the liquid crystal layer based on 
the value corresponding to the electric current. 

6. The liquid crystal device according to claim 5, wherein 
the temperature information output circuit converts a Satura 
tion value for the value corresponding to the electric current 
when the first voltage is applied to the first electrode through 
the electric supply line and the electric current when the 
second Voltage is applied to the second electrode through the 
data line, which are each detected by the electric current 
detection element, into the temperature information of the 
liquid crystal layer. 

7. The liquid crystal device according to claim 5, wherein 
the temperature information output circuit converts a peak 
value of a second peak that appears in a detected waveform 
for the value corresponding to the electric current when the 
first voltage is applied to the first electrode through the elec 
tric supply line and the electronic current when the second 
Voltage is applied to the second electrode through the data 
line, which are each detected by the electric current detection 
element, into the temperature information of the liquid crystal 
layer. 

8. The liquid crystal device according to claim 5, wherein 
the temperature information output circuit converts, the time 
from the application of the first voltage to the first electrode 
through the electric supply line and the application of the 
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second Voltage to the second electrode through the data line to 
the appearance of a second peakin a waveform of the electric 
current as the value corresponding to the electric current 
detected by the electric current detection element into the 
temperature information of the liquid crystal layer. 

9. The liquid crystal device according to claim 5, wherein 
the electric current detection element includes a low pass 
filter that filters a voltage that is generated between one ter 
minal of the resistance element and the other terminal of the 
resistance element and a scanning line driving circuit that 
sequentially selects the plurality of Scanning lines, and 
wherein the temperature information output circuit outputs 
the temperature information of the liquid crystal layer based 
on an output Voltage of the low pass filter. 

10. A temperature detection method that is used by the 
liquid crystal device of claim 5, the temperature detection 
method comprising: 

applying the first Voltage to the first electrode through the 
electric Supply line; 

applying the second Voltage to the second electrode 
through the data line; and 

converting a peak value of a second peak that appears in a 
detected waveform for the value corresponding to the 
electric current that flows in the liquid crystal layer, 
which is detected by the electric current detection ele 
ment upon the application of the first Voltage and the 
second Voltage, into the temperature information of the 
liquid crystal layer. 


